Objectives: Traumatic injury is a leading cause of death in the United States, and rural populations are at increased risk of injury and death. Rural residents have limited access to trauma care, and telemedicine has been proposed as one strategy to improve the provision of trauma care locally. The objective of this study was to describe patient-level factors associated with telemedicine consultation in North Dakota critical-access hospital (CAH) emergency departments (EDs) and to measure the association between telemedicine consultation and interhospital transfer.
department (ED), 4 and inadequate access to high-quality trauma care is one proposed mechanism that may be associated with worse outcomes in rural trauma patients. 3 Regional trauma networks were one of the first care networks to be developed, 5 and early triage of critically injured patients has been shown to improve trauma outcomes. 6 Accurate risk stratification can be challenging, especially early in the course of illness, so both overtriage and undertriage have been reported. [7] [8] [9] As rural populations age and present with more severe comorbidities, many rural hospitals struggle to coordinate complex trauma care and effect rapid transfer to tertiary centers.
Telemedicine has been one strategy that has been proposed to improve the trauma care delivered in rural EDs, with the goal of providing tertiary-level services locally. 10, 11 ED-based telemedicine offers the promise of tertiary expertise even before interhospital transfer, especially for patients who may face prolonged transport times. Telemedicine use is increasing, 12 and its use in caring for trauma patients has been viewed as particularly valuable because of the time sensitivity of trauma interventions. 11, 13 Some have even proposed that telemedicine may improve the appropriateness of trauma transfer, perhaps even decreasing the rate of transfer to tertiary centers. 14 The objective of this study was to describe patientlevel factors associated with telemedicine use for North Dakota trauma patients and to evaluate the impact of telemedicine consultation on interhospital transfer. We hypothesized that telemedicine would be used for patients that have a greater severity of illness. We also plan to test the hypothesis that telemedicine consultation will decrease the rate of interhospital transfer when adjusting for severity of illness and injury patterns.
METHODS Study Design, Setting, and Population
This study was an observational cohort study of all adult (age ≥ 18 years) trauma patients treated in North Dakota critical-access hospital (CAH) EDs subscribing to an ED-based telemedicine network (Avera eCare, Inc., Sioux Falls, SD) from 2008 to 2014. Federally designated CAHs are small rural hospitals that offer full-time emergency services and are certified as necessary providers under a set of Medicare conditions of participation. 15 The primary exposure of interest was consultation with the telemedicine provider, the predominant rural ED-based telemedicine provider in North Dakota during this period. The analysis data set was constructed from cases included in the North Dakota Trauma Registry (NDTR), which includes information on all patients with traumatic injuries treated in North Dakota hospitals. Trauma cases were identified for inclusion in the NDTR as all injured patients for which a trauma code or alert is activated or who have a discharge diagnosis ICD-9 code of 800-959.9 or 991.0-991.3 (all injuryrelated diagnoses except poisoning and radiation exposure) and who meet one of the following additional criteria: 1) death at the treating hospital, 2) interfacility transfer by ambulance resulting in admission to a receiving hospital, 3) admitted to an intensive care unit, or 4) having an inpatient admission of at least 48 hours. 16 Telemedicine-capable hospitals were defined as those hospitals that had an active subscription with the telemedicine provider during the period the subscription was active. Telemedicine consultation was identified by matching NDTR cases to the telemedicine provider call log for the same time period using an exact match of age, sex, hospital, and date of service.
Data were deduplicated by removing cases that match exactly based on patient date of birth, sex, residential zip code, date of injury, ED encounter date, and hospital. Patients were excluded from the analysis if their first ED visit was not to a CAH or the CAH ED did not have telemedicine capabilities at the time of the ED visit or the patient was missing relevant study data. Because all available data were used in the analysis and no prior data were available to estimate a treatment effect, no sample size calculation was conducted a priori. This study was approved by the local institutional review board under waiver of informed consent, and it is reported in accordance with the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement. 17 
Telemedicine Care
The study telemedicine provider supports a 130-hospital rural ED-based network in a hub-and-spoke model that serves a broad geographic area across the upper Midwest. Board-certified emergency physicians and experienced ED nurses are available 24 hours daily for immediate consultation at the request of a provider or nurse in a rural spoke hospital. The telemedicine provider is located outside North Dakota and is requested by pressing a button on the wall of the ED treatment room in a rural hospital, and this request establishes a two-way high-definition audio-video connection using equipment permanently installed in the rural hospital. Rural physicians and nurses are trained in the activation of telemedicine equipment at the time of installation, and they are encouraged to activate telemedicine for trauma cases. The study telemedicine provider was the predominant telemedicine provider in North Dakota during this time, serving 29 of 36 (81%) North Dakota CAHs.
Data Linkage
To determine if an individual patient was treated with telemedicine consultation, a probabilistic linkage was performed between the NDTR and the call log of telemedicine consultations, using an exact match of date of birth, sex, ED encounter date, and hospital. From this linkage, NDTR records with a matching record in the call log were classified as having telemedicine consultation, and all other encounters were classified as having no consultation. No additional data available from the telemedicine provider were included in the analysis data set.
Definitions
Clinical and demographic data were derived from the NDTR, and age and Injury Severity Score (ISS) were categorized consistent with prior literature. 18 Head and chest injuries were defined by a body area Abbreviated Injury Score (AIS) of ≥2. The first recorded systolic blood pressure and heart rate in the ED CAH are presented and used to calculate the shock index (systolic BP/heart rate). 19 Driving distance between the CAH and the nearest Level II trauma center was estimated using shortest driving time using public access roadways, calculated by ArcGIS (ESRI).
Hospital rurality was estimated using the hospital zip code approximation of Rural Urban Commuting Area (RUCA 2010), which is a method for classifying census tracts by population density, urbanization, and daily commuting patterns. 20 Although 92% of North Dakota land is classified as rural, only 57% of the population lives in rural areas. Using the four-category approximation of RUCA codes (urban, large rural, small rural, and isolated), few CAHs in North Dakota were classified in the three most urban categories, so hospital rurality was reduced into a single dichotomous category of "isolated rural."
Key Outcome Measures
A patient was considered to have used telemedicine if a matching record was identified in the telemedicine call log. A patient was classified as transferred if the hospital disposition recorded in the NDTR was consistent with interhospital transfer, whether transfer occurred from the ED or from inpatient status.
Data Analysis
The primary analysis was designed to identify patientlevel factors associated with telemedicine consultation. Univariate analyses were conducted using univariate generalized estimating equations (GEE) with a logit link, exchangeable correlation matrix, and binary distribution, clustered on presenting hospital. Odds ratios (ORs) are presented with 95% confidence intervals (Cis), accounting for clustering in the model. Covariates thought to be associated with telemedicine consultation were purposely selected a priori based on prior knowledge, and factors with p < 0.20 were included in a multivariable GEE logit model. Variables were screened for collinearity, and interactions were tested and found to be nonsignificant. The final model was selected from the candidate variables using Bayesian Information Criteria (BIC), with lower BIC criteria suggesting improved parsimonious model fit. This multivariable model was used to generate adjusted ORs (aOR), which are presented with 95% CIs.
The secondary outcome analysis was designed to examine the association between the use of telemedicine and the rate of interhospital transfer. Univariate and multivariable comparisons were performed using GEE models (logit link, binary distribution, and exchangeable correlation matrix, clustered on presenting hospital), with the primary exposure of interest being telemedicine consultation and the outcome being interhospital transfer. Because only telemedicine-capable hospitals were included in the analysis, indicators of injury severity were included among the covariates to adjust for factors that could potentially confound the relationship between telemedicine use at those hospitals and interhospital transfer. Statistical significance for all tests was defined as p < 0.05 using two-tailed tests. All analyses were completed with SAS version 9.4 (SAS Institute). The authors had full access to the analytic data set and independently controlled the decision to publish. 
RESULTS
Between 2008 and 2014, a total of 9,281 trauma patients were seen in North Dakota CAH EDs, of which 31% (n = 2,837) were seen in hospitals that had an active telemedicine connection. Of those, 11% (n = 301) of patients had the telemedicine provider consulted by the local CAH for help with patient management or arranging interhospital transfer (Figure 1) . Ninety percent of trauma patients had blunt trauma, and 23% had severe injuries (ISS ≥ 9). Most patients did not have head injuries (head AIS ≥ 2), but of those classified as having severe injuries, 29% had head trauma.
Factors Associated With Telemedicine Consultation
Telemedicine consultation was sought more frequently for patients with increased illness severity (OR = 1.26 per 10-point increase in ISS, 95% CI = 1.05 to 1.51). Mechanisms of injury that were seen infrequently in rural hospitals (e.g., penetrating trauma, burns) were also responsible for more telemedicine consultations. Including potentially confounding characteristics available at the time of ED presentation in the multivariable model, similar factors remained associated with telemedicine use (Table 1) .
Notably, although severe injuries (ISS ≥ 9 points) were associated most strongly with telemedicine use in univariate analysis, moderate injuries were associated with telemedicine use in multivariable modeling (aOR = 1.45, 95% CI = 1.05 to 2.01). Telemedicine use was strongly associated with hypotension and tachycardia (aOR = 2.89, 95% CI = 1.94-4.29; and aOR = 1.50, 95% CI = 1.21 to 1.87, respectively), but was not specifically associated with head injuries or chest injuries. Similar to our prior report of hospital-based factors, no geographic or hospital characteristics predicted telemedicine use. 12 There was also no significant relationship between the duration of telemedicine subscription and the probability of telemedicine use.
Interhospital Transfer
In univariate analysis, interhospital transfer was performed more frequently for patients in whom telemedicine was consulted (13.1% vs. 8.5%, difference = 4.6%, 95% CI = 2.3% to 6.9%). Transferred patients also had significantly more severe injuries (mean ISS = 7.8 vs. 3.7, difference = 4.1, 95% CI = 3.5 to 4.7) and had more head injuries (19.2% vs. 11.4%, difference = 7.8%, 95% CI = 5.1% to 10.4%), chest injuries (12.2% vs. 7.7%, difference = 4.5%, 95% CI = 2.2% to 6.7%), and required more resuscitative interventions (e.g., endotracheal intubation [7.6% vs. 1.1%, difference = 6.5%, 95% CI = 5.0% to 8.1%], chest tube placement [1.9% vs. 0.6%, difference = 1.3%, 95% CI = 0.5% to 2.2%]).
When adjusting for injury type and severity of illness in the multivariable model, however, telemedicine consultation was no longer associated with increasing the probability of interhospital transfer (aOR = 1.28, 95% CI = 0.94 to 1.75; Table 2 ). The factor most strongly associated with trauma transfer from rural EDs was illness severity, with severely injured (ISS ≥ 9 points) and moderately injured (ISS = 4-8 points) patients significantly more likely to require interhospital transfer (aOR = 13.9, 95% CI = 10.7 to 17.9; and aOR = 5.5, 95% CI = 4.4 to 6.8, respectively). Even adjusting for illness severity, penetrating trauma and burn patients were still more than four times more likely to be transferred. Vital signs did not strongly predict transfer, suggesting that while they influenced local triage, they were captured in the illness severity adjustment. Over 85% of all intubated trauma patients were transferred, likely because most CAHs do not have intensive care units or critical care capabilities.
DISCUSSION
Although several prior reports have attempted to explain rural ED-based telemedicine use, 10, [21] [22] [23] this report is the first to describe trauma-specific use in a rural geographic area. In contrast to prior reports that have focused on a small number of trauma cases in a small network, ours identifies factors in disparate community hospitals that influence use of telemedicine technology in trauma, and it also measures the impact of telemedicine on subsequent interhospital transfer. Telemedicine is an appealing technology for improving rural trauma care, because of the infrequency with which severe trauma is treated in rural hospitals and the importance of early triage and care in improving trauma clinical outcomes.
Rogers et al. 21 and Ricci et al. 22 reported the experience of a single center with severely injured patients, all of whom had been transferred. No differences were observed in clinical outcomes, but the ability to adjust for confounders was limited by sample size. No trauma patients not transferred were included in this analysis. Duchesne et al. 23 reported that implementation of a telemedicine program in a single trauma referral network decreased trauma transfers from 100% to 11%, with 61% discharged to home with telemedicine. Although these findings seem promising, the magnitude of effect calls into question the selection of the control group and the need for rigorous methods of identifying patients not transferred to a single trauma center.
One of the primary findings of our analysis is that telemedicine is activated for the most severely injured patients and for those who are likely to require interhospital transfer. This finding is not surprising. Many rural EDs are staffed by physicians not board-certified in emergency medicine or by advanced practice providers (e.g., physician assistants or nurse practitioners) with no real-time on-site physician supervision. 24 Despite the increased prevalence of traumatic injury and trauma-associated death in rural populations, 2, 3 severe trauma remains an infrequently treated condition in many low-volume EDs, and many rural providers may be less comfortable with trauma management and care. 25 Another reason for consultation for these patients is the significant administrative function that the telemedicine hub serves. In the telemedicine network, hub staff provide real-time nursing documentation for rural critically ill patients, enter orders in the rural hospital medical record, and arrange transfer by contacting receiving hospitals and emergency medical services agencies. Especially in resource-constrained settings where local medical staff are performing hands-on patient care, this service is valued and may contribute to the need for telemedicine consultation.
One interesting finding is that patients with intermediate illness severity have increased telemedicine consultation when adjusting for other factors. This finding could reflect the use of telemedicine to reduce therapeutic uncertainty in the transfer process. Whereas critically injured patients often have welldefined treatment algorithms and a disposition that is clear, those patients with intermediate injury severity may be those for whom care requires more judgment. The increased prevalence of consultation in this group may reflect implicit recognition that optimal treatment for this group requires experience, and this experience can be obtained by consulting a telemedicine provider. It could also reflect that there exists a group of minor injuries for which telemedicine may have been consulted, but who were not included in the trauma registry because of registry inclusion criteria.
While selection among the critically injured for telemedicine consultation is not surprising, we were surprised that telemedicine consultation did not influence interhospital transfer rates. One explanation for this could be that rural providers predict accurately who will require inter-hospital transfer even early in the course of ED care, and telemedicine is used selectively to facilitate rapid triage and transfer. Rapid transfer for many trauma patients is appropriate, and increased centralization of trauma care has been previously associated with decreased trauma-related mortality in rural populations. Indeed, most states now have formalized trauma networks that encourage rapid triage and regionalization of severely injured patients to tertiary trauma centers. While telemedicine may reduce interhospital transfer in some patient populations, we do not observe a reduction among trauma patients, and this may simply reflect a high-functioning trauma system.
LIMITATIONS
This study is limited by its observational study design and its use of a single telemedicine provider. Trauma registry data are attractive because of the uniform collection of clinical data regardless of telemedicine use, but it limits the variables available for analysis. There may be important factors that contribute to local triage protocols that are not included in trauma registry data. There may also be institutional factors, patient factors, provider factors, or injury factors that explain variations in both telemedicine consultation and transfer patterns that are not captured. There may also be differences in provider consultation and care, but provider-level analysis is not available with the trauma registry data. Importantly, data on the training and experience of rural providers are not captured in trauma registry data, limiting the inference we can make about the impact of telemedicine implementation. While we used multivariable regression modeling to attempt to adjust for confounders, these techniques are unable to adjust for variables not captured in the data.
Another significant limitation is that we do not know how telemedicine consultation impacted clinical decision-making or care. Whether suggestions made by telemedicine providers led to changes in the care delivered is not recorded, and this effect would be difficult to measure accurately. We are attempting to understand how telemedicine suggestions might influence care through observing aggregate changes in care patterns, but we cannot rigorously evaluate whether changes were a result of specific telemedicine-initiated suggestions. These associations observed cannot be concluded to be causal-in fact, some telemedicine consultations may be a result of the perceived need for transfer, which could be a reverse causal relationship.
Finally, all registry-based analyses are limited by missing data. While the rate of missing data that excluded cases from analysis was low (less than 5%), we are not able to estimate how many North Dakota trauma cases were not included in the data set at all. While we do not expect that the registry systematically excluded patients, we are unable to verify that the cases were complete beyond those recorded in the registry.
CONCLUSIONS
Emergency department-based telemedicine consultation is requested in the most severely injured rural trauma patients, especially those with penetrating trauma, with burns, and with abnormal presenting vital signs. Telemedicine consultation is more common in trauma patients who are transferred for definitive care, but when adjusting for severity of injury, telemedicine does not change the rate of interhospital transfer. Future work should better elucidate how telemedicine impacts timeliness of care, diagnostic and therapeutic interventions, length-of-stay, hospital costs, and clinical outcomes. Future work should also consider experimental or quasi-experimental study designs to limit confounding and bias of observational studies.
